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EXECUTIVE SUMMARY

* Exposure to carbon monoxide (CO) is endemic to the armoured vehicle environment

owing to the discharge of CO from weapons firing. Given that small doses of CO can

potentially impair the soldier's performance and health, it would be prudent to acquire the

capability to predict CO uptake and the resultant formation of blood carboxyhemoglobin

* (COHb) to prevent or lessen the rik of CO toxicity. Also, given that a validated mathematical

model of CO uptake already exists, a transfer of the model for PC application is the most-

efficient means of providing this capability.

* This technical temorandum briefly describes the risk and prediction of CO uptake, and

more completely describes the design philosophy behind the data inputs and presentation of

results. Features include the option to input data directly or from default lists, the ability to edit

inputs without restarting the program, presentations of %COHb in both tabular and graphical

* formats with indications of safe, cautious, and dangerous levels, the ability to store and recal

exposure histories, and the ability to printout results or export them for spreadsheet application

software. The convenience of a PC-formatted prediction model allows for ease of use either in
the field as an operational decision aid or at the desk as an analytical tool.
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INTRODUCTION

Exposure to carbon monoxide (CO) will lead to its uptake in the blood and combination

with hemoglobin to form carboxyhemoglobin (CO~db). Small doses are potentially lethal since

CO has a binding affinity with hemoglobin that is more than 200 times that of oxygen, thus

• veffectively reducing oxygenation in the body (Piantadosi 1996). The problem of exposure is

exacerbated by the fact that human senses cannot detect CO and that the occurrence of

symptoms are so non-specific as to be ignored or to cause a delay in treatment. CO exposure is

endemic to the armoured vehicle environment, thereby placing at risk the soldiers' health and

*w performance. To anticipate and help prevent exposure problems, a prediction model of COHb

production has been formatted for PC application as an operational and analytical decision aid.

The enclosed 'COHb Prediction Model' is a MS Windows@ based version of the

* mathematical CFK model (Coburn et al. 1965; Tikuisis 1996) for Z-C application. The

prediction of an individual's COHb (in %) is based on certain physiological and environmental

inputs, and a set of default values are provided to assist the user in these selections. The

exposure profile and model predictions are presented in both tabular and graphical form with

* optional printout in hard copy. These results and data may also be saved in a file for later

retrieval by either the prediction model or in a text format suitable for spreadsheet software.

The background of the graphical presentation is colour-coded to help assess the

* severity of the predicted COHb. Although 10% COHb has been adopted as an operational limit

by the US Army (MIL-HDBK 1987; MIL-STD 1987), values of less than 15% are not

considered to affect the performance of a healthy individual (Benignus 1996). And while no

specific value defines the point where the individual's health is impaired, values exceeding 25%

* aie generally considered to be dangerous (Penney 1996). These latter two limits represent the

boundaries of the green (safe), yellow (caution), and red (danger) zones. A description of the

inst. Jlation and operating procedures of the program follows the background material.

* BACKGROUND

Statement of Requirement: Armoured vehicles are subject to CO contamination

from weapons discharge (Sabiston and Severs 1994). Exposures are acute with an initial rapid

* ri-e in CO concentration followed by a slow decay lasting several minutes. Actual CO inhalation

by the soldier (and consequently his/her resultant COHb) is dependent on both the soldier's

proximity to the discharge of CO and his/her level of activity. These variables make it difficult
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to generalize the prediction of COHb on the basis of weapons firing alone. A custom-fitted

approach is required which is most efficiently realized with a PC-based program. Such a S
program can be broadly applied in the field for on-site predictions and at the desk for pre-

planning or post analysis.

Outline of Solution: The PC program is based on the validated mathematical CFK

model of CO uptake which assumes normal cardiovascular and ventilatory function (Coburn et

al. 1965; Tikuisis 1996). Input variables can be adjusted to suit the individual exposure but are
fixed for the duration specified (i.e., the model cannot anticipate changes in CO concentration,

activity level, etc.). No restrictions, however, are placed on the number of exposures entered or S
their duration. For example, the release of CO from weapons firing could be simulated by a

series of average CO levels and their corresponding exposure times. The following quidelines

for program use describe more completely the input/output options.

PROGRAM DESCRIPTION AND USER'S GUIDE

Program Installation: The basic system requirements to run the 'COHb Prediction

Model' (enclosed inside back cover) are MS Windows® 3.1 with a minimum 4MB of expanded 0
memory. Installation begins with the insertion of the floppy disk containing the program into an

appropriate drive slot (A or B) and viewing this disk using the 'File Manager'.

fille Disk ]ree hVew Qptions Toole YWndow ijep0

owwWp*4dL 61376 10,W104 90203U a
'lciudcl 11511 13MM94 W0.37:24 a

&Wad- 23477 2M 0906 M a
'a*A0o11,dl. 210723 2B/04PW 900200 a
!V kitcL. W; ,7914/93 029000 a
"Awk ,x09l.. 817 10/10/4 00.M00 a
iýu.30d. 294 11)05/93 I4:200 a 0

flw'.d_ 9DO 17A2/94 '(10T03
Whbo) . 25%3Z 04/00/96 141004 a

oL.•~vL. 13903 04,06/. 14:2M42 a

51 04) 14:21"32 a
I 1rhftob6_ 6014 MM/4/9 020M03 a

Scwd~emvtj 10%59 2910M)3 90003
kit M 40 28&M /• 9 9002 a

ftAWmA_ 14516 28MM4/ 90900 a
mrm*fadv.% 1943D 28/4* 90903
MJ A t.•o, 14AO 2904/ 0M0M03 a

Wk 10870 MOM4* 909003
Uved~kb 33M4 29)0493 90903I Mug• 0••022

Double clicking 'setup.exe' will install the file 'COHb.exe* to the system and create a new

group in the 'Program Manager' containing the following CO~b icon.
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Double clicking on this icon will launch the application.

Initial Status Screen: Upon launching the program, the following input screen is

* displayed requesting information on barometric pressure and personal data required for the
initialization of the COHb model. The default values represent normal conditions but can be

overwritten. Personal data can also be selected from a secondary default list by clicking on the

'View Defaults' button. This will present a self-explanatory list of general questions

* regarding the individual's height, weight, and smoking status.

Enter Initial Status Parameters

Barometic 76 I
Pressur (mmHg)

Effective Blood 5000
Volume (ml)

Hb (gm Hb/ 15
1 dAml blood)

Initial COHb [2)

Main._Screen: The ,iain screen of the program contains the entry of exposure

characteristics, calculation controls, and the presentation of the model -irediction (data grid

and data graph). A top-located menu bar allows further utilities suc' as the modification of

model inputs, file 1/0, and hard copy printout options.
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The required input data under 'Exposure Characteristics' are the exposure dosage
of CO by concentration (parts per million) and duration (min), and the individual's ventilatory

characteristics of diffusing lung capacity (DLCO in ml STPD/ mmHgimin) and alveolar
ventilation (VA in L(Bms) /nin). If the latter two values are not known, default selections can

be made by clicking on the 'Exposure Defaults' option on the main menu bar. S

Select one activity level

Loy Activity

o 1 testing

o 2 light work (eg,. cooking. truck driving)

o 3 moderate work [eg. light walking or cycling]

o 4 heavy work [eg. loading, shoveling)

o 5 very heavy work Jag. jogging. hill :limbing]

Selecting the appropriate activity level will automatically update the main screen with f
representative values for DLCO and VA, When all four exposure inputs are completed, the

model prediction will appear on the data grid (top right) and data graph (lower right) after

clicking the 'Calculate Exposure' button. The following figure shows an example using
default initial status parameters and an exposure to CO of varying concentration and duration

under moderate work conditions.
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Note that the grayed-out area of the data grid contains the (cumulative) time and

%COHb which are both calculated; the white area represents the history of exposure inputs. To

change a value in this area, i) click on the desired cell, ii) enter the new value, and iii) press the
keypad 'Enter' button. Editing may be aborted at any time during i) and ii) by pressing either

* the keypad 'Esc' or clicking on another cell of the grid. Once the grid has been edited, clicking

on the 'Recalculate Exposure' button initiates a recalculation of the exposure profile and an

update of the graphical presentation.

* The data graph illustrating CO concentration and the predicted %COHb is constantly

updated as exposures are either added or edited. The background colours signify safe (green),

cautious (yellow), and dangerous (ted) levels of COI-b. By default, the graph is automatically

scaled and designed to display the entire profile. If desired, however, the user can define the

* dimensions of the axes to amplify any portion of the graph. This option is in effect until a new

ZI calculation places the data entries/results outside the previous limits.

Menu Options: Four bar menu items are available on the 'Main Screen'. These are:

'File' New - Clears all inputs and the data grid and graph.
Open - Allows the retrieval of previously stored CO exposure profiles.

By default, only files with the '.hco' extension may be retrieved. Once

a file has been retriev 'd, the data grid and graph will be automatically

updated and the file can be edited or appended with new data.
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Save As - Allows the data exposure profile to be stored in one of two

formats. The default format ('.hco') stores the file in a format for later

retrieval and editing using the present program. The '.csv' extension

should be used if the file is to be exported to a spreadsheet software
application such as Excel®.

Quit - Terminates the program and returns the user to Windows®.

'Initial Status' Brings forward the 'Initial Setup Screen' containing the defaults

for model iritialization.

'Exposure Defaults' Brings forward a window to assist the user in selecting S
appropriate DLCO and VA values.

'Erint' Sends a copy of the data grid or graph to the printer.

l
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